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(57) Abstract: A silicon single crystal wafer grown by a CZ method, wherein nitrogen is doped, the entire surface thereof consists 
of an N-region and its interstitial oxygen concentration is up to 8 ppma, or, wherein nitrogen is doped, at least void type defects 
and dislocation clusters have been removed from the entire surface and its interstitial oxygen concentration is up to 8 ppma; and 
a production method thereof; whereby providing a defect-free silicon single crystal wafer having void type defects and dislocation 
clusters removed under stable, easy-to-control production conditions with a wide control range and consisting of an N-region on the 
entire surface thereof, and providing a production method thereof. 
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w pa t t e r n) ^ff H O t F P D fclf ff, ftt *L 4g & f¥ ft l/> 
tO^S EPDtff^, ^C^t'-ei0^m^±(D^:^V^SEPD (LS 

epd) {i & fit ^ 7 ^ * — l:eBt5i%tf)n, 7^ -f ^ $5 f& * 7 
10 ^^-^^ftt^i^, iO|g(a[S:iii:-C««E*sy-^b, P - N v 5 -v 

3) LSTD (Laser Scattering Tomogra 
phy De f e c t) t fi , f& & '& (D is ]) =* ^ & f& & W f>> b <? ^ ~ 

— s^m fa b mtz.yt & mtti-f z> ^ t — ^totefftE-t & xteiz x. z> 

$f tttl:i£iSfef), S&5Rflrtli*j£*fe£;h,-CV^3 (J. J. A. 
P. Vol. 32, P3679, 1 9 9 3 #i). 4 fc, ftifiOff^Et 
20 l± s A ffi {£ <£> tf-f K (TO 5 tS* t> *^ $ 5 . 
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1 e ) t »± , *i-'><D + &tt©IMfc*Wffi&£te3*3IStHi:fc5# 

life -C, S e c c ox^ftliF PDI:45^»^ ( SC-l2fe#(NH 4 
OH:H 2 0 2 :H 2 O = 1 : 1 : 1 0 © H^i I: i 5 !*^) "CHS 
25 t L ~C flill £ , COP|:45„ :©t> /ira 

5) L / D (Large Di s 1 oca t i on : t& SB Is fit ^ — 
7°(DB&-§-) twfi, LSEPD, LFPD^iSfcU, (Effi/U— ^fiHt^ 
*.e>ft-CVS$:Bfe-C*>5 0 LSEPDii, ilE L fc ± ? I: S E P D © ^ 
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01 *L t£ *f L , #$89§#e>*S$fefc«pK5pi i_o 2 2 9 1 
rti «fc 5 » IXSr K-^ L t F / G SriDIP L t#^, N - flH « , ft 
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15 P(& ^ H B H <o m it ^ m *> <d fa _h fi # -c # s ^ , £ g «■ »± $ -is ^ m \t & ft ^ 

OS Filctt^tOS Ft©«Sistflil< > Hl:t©OSFtii 
ifi H t ft o -c » dt -t* * te'filc ^ — 7" *s # U , ^'W^twJBjEW&xia--*- 

20 tz ft , Hl;ligfflt5:H51i4t©tJ)ofc t 

^ ^ T- * 3§ # b fi $fc T , &*Pfei&JI^£Mtt£ft±LK5£: 3 ;* h £• 
T tf 5 ft , ^ * K-^ia «?i£*:LfcOS F f ^ ^ t^i l-^lffl t 5 
# ft £ # £ fc „ i" ft fc> *> , i <z> ffi « tt JJ? >T KS^RBdS#aE*i", I - 
y y^««fcjLfc;h,5<fc5ftteffi*?;**-fcGF3E*-r, Li>ttt«tt 

25 ' 'ffi & T* W ^ ^ T* , i s o F / G © v — > i» j£ ft "C 5 « 

© «t 5 O s F««£r£tfN-#«-C3l-h»ffc*£ftfc*R*lte!>:t- 
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"C # 5 ( 7* * # tt JK * & -5- *. ft ^ ) :i^ifflLfc„ -f ft t>h , 
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^LfcO S Fii^tfflLtt), ®? ijf it S £ 8 ppma^T^-t-S^t 

15 — s OSF, fc<fcl) ? OSF±(D|st^-7 P f©iV^i^|!fev' 

v = > ^ a *s , iis^jgtt*sj:u!iBi^s*i?-eKJSpriE-c*>5^fc^*«j 

20 OS F&£fe9#5tt*ffiffltt<Di^XKft#LTV^3fc©£&;bix5. 
S^5ppraa»Tl^i5h iff /I 4# 14 ( T Z D B ) »* & & * J&S fi 13: 1 

o o % t & o it o 

25 (1. L » 5p pmatifroSlili©^- ^-CI4 0rtti*Jfc<e<<&ife* 

-C* £> 5 * , !J ^^IAS»ifft<ft5. & oX . & & < # y * 

V ^ fife*} ( I Gmtl) U84i^O»**SU5-8 ppnuit 
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mi nO^iai^X'i^^^WfiJcb, ^^^^^8 p p m a £X T lZ m&-f tl 
t£* ^iB^»ftWKOS F»'t«foTV^5«« (fftOSFi«:|fi 

#lHltei£fl^«»B]ftl, * L T # * ift <D ftj ® *£J^ J; <9 =i ^ h o — i- -5 
r t X # -5 o 

10 WtliS**5xl 0 1 4 / c m 3 «±K-^U^a^{i. F / G fit £ 31 
± If IS h b b O I ^ f T © fi t -C* , 0. 12~0. 24mm 2 /K-mi 

r<D£ 5 & ifc l£ J: ft 1* , ¥i&ifltf>WJ&a 5 itii£s£Sa»oj[£vw — > 

dW KtOSFtlitt^5^^-t>, SkfcliOSFJbOlEffivU— ^fc 
# & L ^ *B * Pfe y =i >*«ft»>ai-^SrS«iif-t-5i t &XZ 3 „ 

^SSSiiDE^iroiillCPBS, BSDf ©EGJSi^lL-Ct 
20 ^Vn 0 # , 5ppma£(TOlKi©i^li, « * * Pfe # ^ ± fc: 7 
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- A* -v \z. mm z it & z t & -v % & o o » , z.<»mmto\*#ft\z- 
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5 ' ^w-C*. RTA/nt^i:li, l^l^RTAll (Ra p i d T 
he rma 1 Annea 1 e r, ^LiiAP^ ■ M'M'fii *U^g) ^fflV^T 

fiJ&lBliiwinfi, ft9*ft»-ft5»-ctT5ot, » § o ft B# FbI 
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15 SO I li: LtftHtntf, #^ KS^tti«S O I ISrlltStftl- 
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- ^ & \.x M *> &t>itiz.&s v 1 *** xftMwmm&mmik 
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25 Jfc > * IS H TM£ Jfl -T 5 C Z j£ {I «fc 5 ¥ & £ 51 _h ff SI V (7) m M £ El 

1 l:± OBUPitS. @ l li ^ t J: 5 I- , -OiJi«gS5IJtffS!giR3 0tt % 
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fift5-> - Kf t 6 t s ^— V ^ \ y ^ 6£§|_hlf3!7-fir7 

5 o ^ 7 ** 3 2 i± , t & & m (D v =* >- mm (m) 2 % ^ -r 5 «y 

5>n, t©^ (ay « m ^ y si? as sa e> n t v<» 5 „ 
5 t-*3 4<D^fflyj^[giite$m*t3 5tf5i2©£;ixT^5 0 

mm mu 9 & w & n x z> B ^ <d m m m wi s \± , tcrst 
y ^^ife?d!2(D^s3 t «z> ra «i 3 ~ 5 c m a> br ibj 1 osr&ttx&B^ih, 
10 tv^Sc ±wmmmmtt 9 nzkftiz & ^ x i-tmm &\,^ t h & z> 0 £ 

i$ £P * £: Bfc £ ft- 9 , *iltl»S:Jio-clJi<gS*»«ii-55F0 

»J , ft iff -C* »i SlJb if m 3 l © 7k ¥■ fa © K {HO d , Bl jj* b v» « ^ 
K fi u , ^ y = 2 j£7k¥;£ft&5vw2Sii^ft^<a^#£R] An -f 

15 5 i t II J; c t , it^(DM»lt^r*ii*JL, ¥^a B B©^f tS^ii^S, v^ 

* -f , ^S'#3 2rtr^y=:'<Bffiltt£^*£aJDKi|s|.&|ftj£ ( *?) l 4 2 
20 0° C) ^ll^DiLtlllfiltSo r <E> &*«tK — ^-fSfcfcK, 

ilWt^irlcJ; 9 jit ^ 2 <a 3? ffi B& 4> <k ^ {i ft & 50>3fc«B£#»!;ju* 
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t o>mm i o (Dmm^mm-t z> t t <b k , $\ ±if^ 3 i <omm ioiis 
■m* i * (o m #t ifp # o m & m & vn t , iffijfi§©^^©fi^^^x. 
i±'i 4 2 ot^?, i 4 o o ^ it X- <d u & m \z m <d m wi w fa m 8 & 

^litf^tc, yu^^m^isc, feghmmm. m^^f^mm, ^m^mts. 

10 p pmagT^iSJ; H>t^„ #1 x , ^ :y # Ih| |g £r 

^ »ft S £ # < , IE ^7 £ {& < , lI^»<t5:H:j:ot, i£ 

•9, Jiff 8'K x 7 f ^ffitt-hJfW^i-S^ttCcto-C^ # 31 9? O ? 

15 x-/N|iiif5> irasttS. ^ A, , -?x-^J|H^^tt " tt(^ 

18 5£ £ ix 5 4> <£> -e l± & < , ii^'fflv^? > i^-cv^-5^&-cfoi^(^^ v>-ftLO 

frWi a- K mm m m w & mm . m m £ s ± ? k l x t> <t ^ 0 * 91 -c i± 

©RTAglt UTI±, Bl&ftlz £ & ? ^zftom&co & 5 £ H & ¥ tf 
7- 4 T y V ( STE AG) ttM, S H S - 2 8 O O O ± 5 4SIBSr*tf 5 i 

nmm (rta^^) <D-m&^-r „ m 2 » , rt A8Bo«i»0-efc 

^ ^ — 2 1 f !> x - A^flJUlltJj; •) |:^ot^6„ Jjp fRt i± , 
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2 «fc o -r fr 5 . -®9^:/W:*n^;h,»ScK#*&$*L3*2j«:fWW-C 
# 5 i o <f o t i/> 5 o 

# ' ^ <d m & w\ wt , ei ^ <7) * §d # * gt ^ ^ % r^=f>-w*&»&tif^* 

^-2 l rttftfttsi t is-ct si 5 cj^tv^S, 

^ » # » ffii i± , * - v ^ * y ? - 2. 3 frmm z n . tt-iox&mm^x 

^ L T , !?i-^2 Stilish U ^ 2 4^?^(R$nfc3^3t:«p|BJ2 5 
2 6 12 P> *i T *5 »5 , iA^f^^t>i-^2 8J^ittgJ3fc50S:BS<* 

* , ^ >- - 2 i iz.n*m&<Dm.&mfemG&&&t6LV btixte 

l 9^ f-+y^-2i©^fi|i|cRtSixt/WB^-^2 7lcJ:!), ^ cd 
.U* _h <Z) £ 9^^AQ!Sa^2 Oliiot, ^^-^^^^3i*Dift • 

£-f, *&«lS136iB2 0U:|»SL-tKii$ft5, ^El^O^rD — /N^y 
H ^^iifaot!>i-/N2 8 ?r}f AP^f)ft 2 lrtliA 

^ ^ - 2 lf^«^f^(D7K^^-^tp3l7ctt#ISM-C*«fc^tL^ 0 

^ LT, JDi7^/2 2fll^^i|&L, ^x-^ 2 8 ^0ij^iJ 1 1 

o o~->y it ^ i± 1 3 o o«cejiT<o0f^»iaftii#a-f« o 

- <n m > BW©ia«l^«:5*-CtcS-r5NpBgi±«BJ*.fcr2 0 fj> s ^ -C fc -5 o 
^iCfiDi&IllJo^T^t^PBl^jltS r i lei , 8 ic iff 

fi ift & a & flu ^ s r <b *s -c* # So 
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i?x-/n2 8©a**Tif 5. * 3§ w <d m mm ^7 m n . mt&mizio v z> 

7 0 O'C£T<0ftfij$&&2 0 t / s e cJeiTir-f"^^?* 
-C *> 3 # % - »^ifeS:^lfei-SBSiJwfi, n> - ^ 2 7 

5 8tf>i&S£*9J3£Loo x & 3fc 2 0 ~ 4 0 Film ^ O B# f!51 £: P£ S il * 
3 0 ~ 6 0 t / s e c T'^ILt^fcro^, =7 ^ zf 2 2©|lJ*SriiS^ 
UlL-CllfijiS^ 2 O t / s e c ^ T {& & 5 ^ T* & t£ o T > 

» *a n# m & ffi *® l ?c ^ r$ « „ >r n * — * 2 7-caitLt!>i-^2 

8©SSiW 0 Ot^IC/j! ot 0»J X. i£ 7 ^ 2 2(Offi*5rOFF 

15 K!) y^stiact-?x'-/N2 8 & m v m v x & ffi.<D &w\\z&m 

20 

( ^Jfe^il 1 ) 

in 1 l tz. 3\ ± if m k 3 0 -c x 1 8 ^f-^&^y ■#\z.m.ft&i&Bi 

y =1 > & 3- * — l . \S. & 6 > 3- . 1 0 0 >« iiiPio 

iyy =1 i& H, # £ 31 ± ff fc 0 ^ y = ^ Bt » » 3 0 0 0 # £ tf> * ¥ 

25 ' fl£ J§ £ PR *P b , xf ffit * Wl L c 31 _k & S & 0 . 4 9 ~ 0 . 7 7mm 
^r^±l^lOcm^^W^^@^#aal«ff|AM^iEeL, ^ ffi rt> 31 
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{£ ^ 7 * * — <£> $J 5t £ ff o „ * , HJi^-fk^S^JifeLTOSFy^^ 
10 364©tHlr»BLfc, 

(D'&Wz^ fa X* ±m o — -< ^^PfetO S F <b IE fil $ *x # tf> o 

D B © c ^ — K i& #s £ # #> „ ^-^©iffiCU >- K — / ~> y = 
15 ^ ® @ (Ifcgf 2 5 tim, lMi8mm 2 ) & fls R L , ¥4 £ % 9E IS 
1 m A / c m 2 TW§LfciiilI^8MV/c m Jg* ± <£> & dp ^ T* f ¥ 

y ^ k-^# y y a h ^ *n-M o . o 1 n a / c m 2 & m 

20 j^^^ML> lfl25C/cm 2 y±"C^iitfiSiI^14t5fe(D^a 

fit ut, -e <t> & a ^ -c a? m l fc o 

SlJ^cD^^:, T Z D B fi 1 0 0 % T* 9 . TDDB{i¥^94%,!r^ 
V^S p°p ^ Sr L fc „ L ^ o t « <£> y n ^ oi — /n {± g \t flg 0 

( tt wt m 1 ) 

tfc^^JtL-C^^K-^^tT^-f, 31 ± it & £ 0 . 4 2- 0. 8 4 
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^ &v&<Dmfe t o s f <d *s £ $j 5t u ^ „ 

^W^m, V^ — s^itm 9 m $ tif- & 1g & # <D & (Sl \z ± o -c li % 



UK**lwSA-t-5£*attt# *^-^&J#}j D £^, 6£ sft ^ £ & 7 p pm 
10 a ( J E I D A ) II|IJ i L , ^ i t SB t' © F / G ffi 5r 0 . 12 — 0. 

2 4mm 2 / K • m i n O IS IS ft 31 ± /c W . H Jfc 0!l 1 i: 1^ ^Ht- 

U, g Iff a* K - 7° $ ti ft f V = ^^«ra#S:5l_hlffc 0 

f t>nfc¥^i#©H)gS^|fg±6 XI 0 14 / cm 3 ift 
Sgtf^^^^^-^^tSO'JfflL, d <D ? ^ - ^ t-, 8 0 0 < CX4B*IW + 
15 1 0 0 Otx l 6^F B lO|»5!il?rtLfc 0 fit, ft* 9Bs-m '& <0 V — ^ 

F*igfl:KP(&^S<£>jflJ/£te> OPP (Optical Precipitate Profiler, 
*9 y Ktt») £ ffl v> X M fZ. L 0 

?»J^^mi±5X10 8 ~lX10 9 / c m 3 <t^«9, 
20 DftiSf>, ^ Ifc ^ « ii ^ ft ti f& < ft <t d^J o 0 id, 



( tb m m 2 ) 

Jfc *fc t ITS* K-T'iflfef , ^16 0IJ2£|§!HIHzIfe#*flF£:7 p p 
25 ma (J EI DA) i: UTS^U 51 ±tffc o ll*fc0!l2 £151 

« v # ti tz m m £ # j&» P> 9 ^ - ^ £ •? ttJ L , ;©!>x-a |:, 8 
00tX4Wp^+1000TCXl 6ii*f B 1©itel^lLfc 0 L X , ft* 

*o< js <d ^x - ^(Dp^ifR^pfe^^ £ 21 m #>j 2 <t i5i#^o p p & /a i •» t sj 

^ b it o 
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SJ j£ IS * , 1 XI 0 s ~ 1 XI 0 7 ^ / c m 3 fcteV^fa^SSo 

it, cmi*. m. m & k - ^ l x t£ vn m-B- \± mm Vf m # is it $ ti & v^c 
& » * si , Ji is m m m m iz. m te $ n s t> © -e « * ^ „ _l ie £ m 

#J £ fc£ , _h SB £S Jfe « l£ *J v» T li , tt&6>f *>i;=i^i|L$g l &£ r 
W J* -T 5 » o # 0Q $t 3* ff T 10, W L # , * IS 9§ i± d H K fi PS j£ $ U 

(c h m m -e # 5 c 

* fc , # * W <D C Z jfe Id J4 , C ZffiiiiotliS: K - / L fc D 
15 tlif ^tt^v> 0 
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m # (D m m 

1. f 3 ^ tf fS^iXfC^U n ^ i£ jjg ,f B r> i - ^ 

-CfcoT, £ * # K — :/ 3 ft » ^ffiN-tB«A»P>3&0, fr^fe^F-r$mm 

5 « « *S 8 p pma£tfC*)5:^)l|tt5->!) zi^m&gi'Z?^ — '^o 

*7**-##lfc$ft-C:fcg % ^Ot&^^iif $^8 p pma^T-C 

# « 1 * it ft * JS 2 IS ^ L fc ~> y =J>^Sg^^oi-yN 0 
15 4. igK-/$tlfcliiSiU XI 0 14 /cm 3 £Jl±ffc5ri 

sr«f»fci-sw**i & v> l » # « 3 © -r ft a» i JS^ia«feLfc^y = 

5. (KlEK-^SJifcS*itiS5xi 0 1 c m 3 El±-? 3b Z b 

20 &#mt-r5f##Jgi ^ L tt # « 4 <& ^ i* ft a» l ^ ia * u f y = 

jfe & V ^ - ^ <» - ^ffi K . EG*&3#J££ftTV>5r t ^^fjSi: t5 
25 !)3V*8l!>i-^. 

7. ittef*##lfcv^LI*#^6<&v^i"fta»l3n£ffittL;fc$'JJ ^ > 
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£ K — ^ l * *s «S A ± E a s N - m m h *> , A* o & ffl & ^ ^ m & 8 

9. SufEK-^i-^^^SS^l xi 0 14 /cm s L, ?!»>o^ 
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10 mm 2 / K • m i n © f f L ¥ 15 H B B i> f, 1^ t 5 C 5r#^ 

1 0. |»E K-7't5i*IHt*5 XI 0 1 4 / c m 3 _t <b L , rt> o 
15 it 0. 1 2 ~ 0 . 24mm 2 /K-min(D©|Srt-CWfiEU^^^^ 

1 1 . MGil^^ 8 <tv> L»*S 1 0 <£> ^ -f ix 1 d fE S L fc §!{ it 
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